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Altitude Wind Tunnel/Space Power Chambers
Historic Facilities at NASA Glenn

When constructed in the early 1940s, the Altitude
Wind Tunnel (AWT) was the nation’s only wind
tunnel capable of studying full-scale engines under
realistic flight conditions. It played a significant role
in the development of the first U.S. jet engines as
well as technologies such as the afterburner and
variable-area nozzle. In the late 1950s, the tunnel's
interior components were removed so that
hardware for Project Mercury could be tested in
altitude conditions. In 1961, a portion of the tunnel
was converted into one of the country’s first large
vacuum tanks and renamed the Space Power
Chambers (SPC). SPC was used extensively
throughout the 1960s for the Centaur rocket
program.

Interactive History

Multimedia Presentation

s

AWT Control Room

This award-winning multimedia piece allows one to interactively
learn about the AWT facility and the research conducted there.
The piece contains a chronological history of the AWT from its
construction and testing of early jet engines during World War 1,
through the space programs of the 1960s, and to its final use as
the Microwave Systems Laboratory. In all, there are over 200
photographs and video clips, including a 1961 NASA
documentary on the AWT. Also included are layouts with
corresponding images of the facility in different configurations.
Links to over 70 related reports and publications are provided, as
well.

Panoramic Views of the Altitude Wind Tunnel

Click photo areas below to view a Quicktime virtual reality view of that location as it appeared during final photographic
surveys of the AWT in 2005 and 2007. The highlighted sections are scheduled for demolition in 2008.

Please note: Quicktime virtual reality is not supported on 64-bit Windows platform.

2 Download Quicktime Player
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Laboratory were responsible for designing the AWT’s distinctive shell in 1941
and 1942. The shell consisted of two steel layers with a blanket of insulation
between. The inner steel layer was the primary tunnel structure. Its 1-inch-
thick steel could withstand external pressure when the tunnel was evacuated
to high-altitude pressure levels. A T-1 steel alloy with three times the
strength of normal carbon steel was used so that the shell could endure the
low temperatures of the high altitudes without becoming brittle.

A 4-inch layer of glass wool was installed with steel mesh over the inner
tunnel shell to retain the tunnel's low temperatures. The outer 1/8-inch steel

shell was then constructed over this to protect the protection from the
environment.

Roof

Roof: By the mid-1940s, a series of stairs, ladders, and platforms were
built on the roof of the tunnel. Access was provided by doorways off the
east and west sides of the second floor of the test chamber in the Shop and

Steel-grated platforms replaced t

Office Building. Stairs led to the top of the west end of the tunnel. The
walkway, interrupted only by the four corner rings, followed the top of the
tunnel until ending at the west side of the test chamber.

he original wooden platforms by mid-1945.

An elaborate catwalk system would be added to the east end after the
Space Power Chamber dome was added in 1963.

Responsible NASA Official: Anne K. Mills
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Last Updated: 12/22/2016

Contact NASA

file:///C/Users/rarrighi/Desktop/TEM P/00%20N EW%20FI L ES/A A A-NEW%20F| L ES--August%202018/0l d%20Websitesd AW T/AWT%20Facility%20Tunnel--TUnnel .htm[9/7/2018 7:57:35 AM]



https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-309.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-186.html
http://www.nasa.gov/
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-184.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-183.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-185.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-187.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-189.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-188.html
http://www.nasa.gov/centers/glenn/
http://www.nasa.gov/centers/glenn/
http://www.nasa.gov/about/highlights/HP_Privacy.html
http://www.nasa.gov/about/highlights/HP_Privacy.html
http://www.grc.nasa.gov/Doc/viewers.html
http://www.grc.nasa.gov/Doc/viewers.html
mailto:anne.mills@nasa.gov
mailto:robert.s.arrighi@nasa.gov
mailto:robert.s.arrighi@nasa.gov
http://www.nasa.gov/about/contact/index.html
http://www.nasa.gov/about/contact/index.html

Air Flow

NATIONAL AERONAUTICS

&

Historic Facilities

Glenn Research Center

- Altitude Wind Tunnel
» Publications
- Facility
- Wind Tunnel
= Tunnel
= Air Flow
= Altitude Simulation
m Test Chamber
+ Space Power Chambers
+ Support Buildings
+ Research
+ Mitigation
+ Students
m Galleries
s Links
= Search AWT Site

NASA Glenn History Office
Text Only (AWT Site) (PDF 751KB)
Text Only (Interactive History) (PDF 218KB)

AND SPACE ADMINISTRATION

Facility
Altitude Wind Tunnel
& Space Power Chambers

Altitude Wind Tunnel

Airflow

The Altitude Wind Tunnel (AWT) could produce wind speeds up to 500 .
miles per hour through its large 20-foot-diameter test section at the AWT Drive Fan
standard operating altitude of 30,000 feet. The average speed at lower
altitudes was 345 miles per hour. The airflow was created by a large fan
near the southeast corner. Elliptical panels of turning vanes were installed
in each corner to guide and even the airstream. The tunnel contracted
from a diameter of 51 feet to just 20 feet as it approached the test section.
This contraction accelerated the air velocity as it passed the engine
studied. Contamination from the engine exhaust had to be removed to
maintain the altitude conditions and replenished with clean air while the
tunnel was running.

Drive Fan

Drive Fan: A 12-bladed 31-foot-diameter spruce wood fan as used to
New Set Of Blades create the airflow. The fan was driven at 410 revolutions per minute by an
18,000-horsepower General Electric induction motor that was located in the
rear corner of the Exhauster Building. An extension shaft, sealed in the
tunnel’s shell with flexible couplings that allowed for the movement of the
shell, connected the motor to the fan. A bronze screen secured to the
turning vanes protected the fan against damage from failed engine parts
sailing through the tunnel. Despite this screen the blades did become worn
or cracked over time and had to be replaced. An entire new fan was
installed in 1951.

AWT Drive System Turning Vanes

AT WD Tommil (LiTTOCAL DEWY SYETEN

Airscoop

Airscoop: A unigue airscoop was installed immediately downstream from )

the test section to collect combustion byproducts as they were exhausted Alrscoop Downstream
by the engines being tested. This scoop, which resembled an aircraft

engine nacelle, was held at the center of the tunnel by a vertical support.

Compressors in the nearby Exhauster Building drew the vented air out of

the tunnel and discharged it into the atmosphere. It was estimated that this

scoop would remove 40 percent of the engine exhaust and that a 6000-

pound per minute exchange of air would produce a 95 percent clean

file://IC/Users/rarrighi/Desktop/TEM P/00%20NEW%20FI L ES/AAA-NEW%20FI L ES--August%202018/01d%20Websites AW T/AWT%20Faci lity%20Tunnel --Flow.htm[9/7/2018 7:57:34 AM]



https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-190.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-192.html
http://www.nasa.gov/
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,0,document.getElementById('ctl00_TreeView1n0'),' ',document.getElementById('ctl00_TreeView1n0Nodes'))
https://awt.grc.nasa.gov/default.aspx
https://awt.grc.nasa.gov/default.aspx
https://awt.grc.nasa.gov/interactive.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,2,document.getElementById('ctl00_TreeView1n2'),' ',document.getElementById('ctl00_TreeView1n2Nodes'))
https://awt.grc.nasa.gov/facility.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,3,document.getElementById('ctl00_TreeView1n3'),' ',document.getElementById('ctl00_TreeView1n3Nodes'))
https://awt.grc.nasa.gov/facility_AWTDesc.aspx
https://awt.grc.nasa.gov/facility_AWTDesc.aspx
https://awt.grc.nasa.gov/facility_tunnel.aspx
https://awt.grc.nasa.gov/facility_airflow.aspx
https://awt.grc.nasa.gov/facility_airflow.aspx
https://awt.grc.nasa.gov/facility_altitude.aspx
https://awt.grc.nasa.gov/facility_altitude.aspx
https://awt.grc.nasa.gov/facility_test.aspx
https://awt.grc.nasa.gov/facility_test.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,8,document.getElementById('ctl00_TreeView1n8'),' ',document.getElementById('ctl00_TreeView1n8Nodes'))
https://awt.grc.nasa.gov/facility_SPC.aspx
https://awt.grc.nasa.gov/facility_SPC.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,13,document.getElementById('ctl00_TreeView1n13'),' ',document.getElementById('ctl00_TreeView1n13Nodes'))
https://awt.grc.nasa.gov/facility_support.aspx
https://awt.grc.nasa.gov/facility_support.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,18,document.getElementById('ctl00_TreeView1n18'),' ',document.getElementById('ctl00_TreeView1n18Nodes'))
https://awt.grc.nasa.gov/research.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,23,document.getElementById('ctl00_TreeView1n23'),' ',document.getElementById('ctl00_TreeView1n23Nodes'))
https://awt.grc.nasa.gov/mitigation.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,27,document.getElementById('ctl00_TreeView1n27'),' ',document.getElementById('ctl00_TreeView1n27Nodes'))
https://awt.grc.nasa.gov/students.aspx
https://awt.grc.nasa.gov/GalleriesIndex1.aspx
https://awt.grc.nasa.gov/links.aspx
https://awt.grc.nasa.gov/Search_New.html
https://awt.grc.nasa.gov/Search_New.html
http://grchistory.grc.nasa.gov/
https://awt.grc.nasa.gov/resources/AWT_Text_only_version.pdf
https://awt.grc.nasa.gov/Interactive_History_text_only.pdf
https://awt.grc.nasa.gov/Interactive_History_text_only.pdf
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-193.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-191.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-194.html

Air Flow

airflow. In 1951, a large exhaust-gas cooler was installed underneath this
section of the tunnel to improve the system.

Make-Up Air: A make-up air system was developed to replenish the air
removed by the air scoop. Air from the atmosphere was drawn into a large
air dryer located outside the tunnel’s southwest corner. The dryer removed
condensation from the air to prevent shocks to the tunnel’s airflow. After
the air was initially cooled in the building’s primary coils, its moisture was
absorbed by activated alumina beds in the dryer. The air temperature was
reduced to the final desired level with a second set of cooling coils. This
processed air was introduced into the tunnel through two portals in the
western tunnel wall. One of the nozzles extended well into the tunnel and
piped the new air directly through the test section. Later this pipe was
extended and attached to the engine inlets to increase the tunnel’'s
capacity.

Responsible NASA Official: Anne K. Mills
Web Curator: ighi
Last Updated: 12/22/2016
Contact NASA

file:///C/Users/rarrighi/Desktop/TEM P/00%20N EW%20F| L ES/AAA-NEW%20F L ES--August%202018/0l d%20Websites AW T/AWT%20Facility %20T unnel --Flow.htm[9/7/2018 7:57:34 AM]



https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-195.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-199.html
http://www.nasa.gov/
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-198.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-197.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-196.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-304.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-201.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-202.html
http://www.nasa.gov/centers/glenn/
http://www.nasa.gov/centers/glenn/
http://www.nasa.gov/about/highlights/HP_Privacy.html
http://www.nasa.gov/about/highlights/HP_Privacy.html
http://www.grc.nasa.gov/Doc/viewers.html
http://www.grc.nasa.gov/Doc/viewers.html
mailto:anne.mills@nasa.gov
mailto:robert.s.arrighi@nasa.gov
mailto:robert.s.arrighi@nasa.gov
http://www.nasa.gov/about/contact/index.html
http://www.nasa.gov/about/contact/index.html

Altitude Simulation

NATIONAL AERONAUTICS

>

Historic Facilities

Glenn Research Center

- Altitude Wind Tunnel
» Publications
- Facility
- Wind Tunnel
= Tunnel
= Air Flow
= Altitude Simulation
m Test Chamber
+ Space Power Chambers
+ Support Buildings
+ Research
+ Mitigation
+ Students
m Galleries
s Links
= Search AWT Site

NASA Glenn History Office
Text Only (AWT Site) (PDF 751KB)
Text Only (Interactive History) (PDF 218KB)

AND SPACE ADMINISTRATION

Facility

Altitude Wind Tunnel
& Space Power Chambers

Altitude Wind Tunnel

Altitude Simulation

The two primary aspects of altitude simulation are the reduction of the air
pressure and the decrease of temperature. This was accomplished AWT Control Room
through the Altitude Wind Tunnel's (AWT's) large exhauster and

refrigeration systems. These were vital components to the AWT's
operation and set it apart from other wind tunnels. The tunnel was
originally designed for temperature altitude simulation of up to 30,000 feet
and pressure altitude simulation of 45,000 feet. This capacity was
increased over the years and reached 100,000 feet by the mid-1950s.

Cooling Systems

Cooling Coils in AWT

Cooling System: NACA engineers were having a difficult time developing
a method of cooling the massive airflow in the AWT to levels necessary for
the desired altitudes. Pressure was on to complete the tunnel for use
during World War Il, and Willis Carrier, who's Carrier Corporation had
pioneered the refrigeration industry, took on the AWT project. After several
months of studies, the Carrier engineers devised a cooling system that was
the largest of its kind in the world. Carrier later referred to the AWT as his
greatest achievement. The system could lower the tunnel’s temperature to
—47 °F, and it was claimed that if used for other purposes it could generate
10,000 tons of ice per day.

The cooling system was powered by 14 Carrier compressors, which were
housed in the Refrigeration Building to the west of the tunnel. The
compressors converted the freon 12 refrigerant into a liquid. The refrigerant
was then pumped into the eight identical banks of cooling coils inside the

tunnel’s return leg. These coils were a collection of 260 copper-plated coils arranged in a zigzag design that covered a
51-foot width of the tunnel. The freon absorbed heat as the air passed through the coils. The heat was transferred to the
cooling water and sent to the cooling tower where it was dissipated into the atmosphere. At its original capacity, 20,000
gallons of cooling water were required for the system every minute.

Refrigeration System

Exhaust System

Cooling Tower No. 1 Cooling System

Exhaust System: In addition to removing contaminated air through the airscoop,
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the exhaust system was used to reduce the air pressure to create the thin
atmosphere found at high altitudes. The Exhauster Building directly to the east of
the tunnel housed four 1750-horsepower exhausters. These pumped the air out of
the tunnel and expelled it into the atmosphere.

The Exhauster Building pumps could originally only handle two-thirds of the 6000
pounds of air per minute required by the AWT, so the system was complemented by
the Roots-Connersville centrifugal compressors in the Engine Research Building’s
basement. The original configuration could simulate altitudes up to 45,000 feet.
Most tests were conducted over a range of altitudes beginning as low as 10,000
feet and increasing incrementally to 35,000 feet.

As part of a larger AWT modernization program in 1951, the exhaust system was
overhauled. The Exhauster Building was expanded with more powerful
compressors, an exhaust gas cooler installed under the airscoop, and circulating
water pump house built. In 1957, the Propulsion System Laboratory’s Central Air
and Exhauster Building, which began operating in 1952 was linked to the exhaust

system AWT and Engine Research Building systems. The result for the AWT was an improvement from 12 to 7 pounds

per second at 50,000 feet and 66 to 51 at 28,000 feet.
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Test Chamber

The size of the Altitude Wind Tunnel (AWT) test section was driven by
the desire to test full-scale engines. The 3000-horsepower piston
engines, which were larger than those in use in the early 1940s, would
require a 20-foot-diameter and 40-foot-long test area to operate with all
their components. The engine or test article was installed inside the test
section on balances beneath the test section and on the wingtip fixtures.
Six balances were housed in the sealed chamber and connected to
supports from the tunnel floor or at the wingtips on the walls. These
control the position of the engine and are used to record data.

Engine in Test Section

Control Room

Control Room: The soundproof control room was used to operate the
tunnel and control the engine being run in the test section. The AWT
operators worked with assistants in the Exhauster Building and
Refrigeration Building to manage the large systems. Although the
configuration of the control panels changed frequently, the principal wall
contained the make-up air, drive fan, and engine controls. It also included
two sets of pneumatic levers that operated different facets of the engine.
The other wall was used to manage the combustion, refrigerated and
cooling air, and the exhauster systems.

AWT Control Panel
W

The control room was modified several times, including a large overhaul in
1951. In the early 1960s, when the facility was converted into two test
chambers, the control room was used to operate the large altitude tank
known as Space Power Chamber No. 2. The facility was not used during
the late 1970s and 1980s. The control room was cannibalized and eventually used as a storage room.

Test Damage

AWT Control Panel Room in 2007

Test Section

Test Section: At 40 feet in length and 20 feet in diameter, the AWT'’s
test section was one of the largest in the country at the time of its
construction. Aircraft engines were prepared in the AWT shop, and then
lifted by an overhead crane through the high-bay and the second-story
test chamber before being lowered into the test section. Technicians

Republic YP-47M

file://IC/Users/rarrighi/Desktop/TEM P/00%20NEW%20F| L ES/AAA-NEW%20FI L ES--August%202018/01d%20Websites AW T/AWT %20Faci lity%20Tunnel --CHamber.htm[9/7/2018 7:57:37 AM]


https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-212.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-213.html
http://www.nasa.gov/
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,0,document.getElementById('ctl00_TreeView1n0'),' ',document.getElementById('ctl00_TreeView1n0Nodes'))
https://awt.grc.nasa.gov/default.aspx
https://awt.grc.nasa.gov/default.aspx
https://awt.grc.nasa.gov/interactive.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,2,document.getElementById('ctl00_TreeView1n2'),' ',document.getElementById('ctl00_TreeView1n2Nodes'))
https://awt.grc.nasa.gov/facility.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,3,document.getElementById('ctl00_TreeView1n3'),' ',document.getElementById('ctl00_TreeView1n3Nodes'))
https://awt.grc.nasa.gov/facility_AWTDesc.aspx
https://awt.grc.nasa.gov/facility_AWTDesc.aspx
https://awt.grc.nasa.gov/facility_tunnel.aspx
https://awt.grc.nasa.gov/facility_airflow.aspx
https://awt.grc.nasa.gov/facility_airflow.aspx
https://awt.grc.nasa.gov/facility_altitude.aspx
https://awt.grc.nasa.gov/facility_altitude.aspx
https://awt.grc.nasa.gov/facility_test.aspx
https://awt.grc.nasa.gov/facility_test.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,8,document.getElementById('ctl00_TreeView1n8'),' ',document.getElementById('ctl00_TreeView1n8Nodes'))
https://awt.grc.nasa.gov/facility_SPC.aspx
https://awt.grc.nasa.gov/facility_SPC.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,13,document.getElementById('ctl00_TreeView1n13'),' ',document.getElementById('ctl00_TreeView1n13Nodes'))
https://awt.grc.nasa.gov/facility_support.aspx
https://awt.grc.nasa.gov/facility_support.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,18,document.getElementById('ctl00_TreeView1n18'),' ',document.getElementById('ctl00_TreeView1n18Nodes'))
https://awt.grc.nasa.gov/research.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,23,document.getElementById('ctl00_TreeView1n23'),' ',document.getElementById('ctl00_TreeView1n23Nodes'))
https://awt.grc.nasa.gov/mitigation.aspx
javascript:TreeView_ToggleNode(ctl00_TreeView1_Data,27,document.getElementById('ctl00_TreeView1n27'),' ',document.getElementById('ctl00_TreeView1n27Nodes'))
https://awt.grc.nasa.gov/students.aspx
https://awt.grc.nasa.gov/GalleriesIndex1.aspx
https://awt.grc.nasa.gov/links.aspx
https://awt.grc.nasa.gov/Search_New.html
https://awt.grc.nasa.gov/Search_New.html
http://grchistory.grc.nasa.gov/
https://awt.grc.nasa.gov/resources/AWT_Text_only_version.pdf
https://awt.grc.nasa.gov/Interactive_History_text_only.pdf
https://awt.grc.nasa.gov/Interactive_History_text_only.pdf
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-215.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-214.html
https://awt.grc.nasa.gov/siteimgdetail/detail.np/detail-216.html

Test Chamber

then spent days or weeks hooking up the supply lines and data
recording telemetry.

The engines were mounted on wingspans that stretched across the test
section. The wingtips attached to the balance frame’s trunnions, which
could adjust the angle of attack. The balance frame included six
measurement devices that recorded data and controlled the engine. The
measurements were visible in banks of manometer boards next to the
control room. Photographs recorded the pressure levels in the
manometer tubes and "computers" manually converted the data into
useful measurements.

Test Chamber: The test section, control room, and balance chamber were
located in a three-story test chamber in the rear of the Shop and Office
Building. The control room, fan room, and manometer boards were located
on the mezzanine level next to the test section. The upper level was a large
open space, approximately 50 feet high, with the test section sunken up to
its midpoint in the floor. This main level contained a large, open wooden
viewing platform with stairs built so that people could get from one side of
the test section to the other.

A mechanical pulley system was used to raise and lower the tunnel’s large
clamshell lid into place. The lid was sealed into place using hand-turned
locks accessible from the viewing platform. The lid had viewing windows
above and below the test article, which permitted the filming and visual
inspection of the tests.
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